A photochemical reaction of 5-methyl-2-furyl-phenylmethanol (4) with benzophenone gave two 2+2 adducts 5 and 6 in 1:1 ratio. The reactions of 4 with 4,4'-dimethoxybenzophenone, benzaldehyde or 4-methoxybenzaldehyde formed adducts 7, 10 or 11 respectively on the side of furan bearing the methyl group while with 4,4'-dichlorobenzophenone gave 8 on the other side of the molecule. Regiochemistry of the reaction can be explained assuming a single electron transfer process followed by radical coupling of the reagents. The different stability of intermediates explains the observed regioselectivity.
Introduction
The photochemical reaction of furan with carbonyl compounds to give the corresponding oxetanes (Scheme 1) has been extensively studied in organic chemistry 1−5 and several synthetic applications of this method have been reported. 
Scheme 1
Some years ago Carless found that 2-acetylfurans showed remarkable selectivity in cycloaddition reactions with aromatic aldehydes. 13 Recently we reported that the reaction between aromatic aldehydes and ketones with 2-furylmethanols give the corresponding adducts in good yields with high regio-, stereo-, and enantioselectivity. 14 We observed that the reaction occurred on the most hindered side of the molecule. This behavior was explained assuming the presence of an electron transfer process (in which the hydroxyl group plays an important role) followed by radical coupling between furyl carbon in α position and the oxygen on the carbonyl group. Now we report our results obtained using 5-methyl-2-furylmethanols as substrates to verify whether the observed regioselectivity depends on a previous interaction between the reagents or on steric factors.
Results and Discussion
In our previous work we found that the irradiation of 2-furyl-benzylic alcohol (1) in the presence of benzophenone gave a 10:1 mixture of regioisomeric products 2 and 3 (R = Ph) (Scheme 2) with 2 as the main product. On the contrary, a similar reaction was carried out in the presence of benzaldehyde, we obtained a 6:4 mixture of products where the regioisomer 3 (R = H) was the main product. It is noteworthy that in both reactions the compounds 2 were obtained a single diastereoisomers. 
Scheme 3
The irradiation of 4 in the presence of benzophenone gave a 1:1 mixture of diastereomers 5 and 6 (Scheme 3) in 30% and 33% yield, respectively. The adduct 6 was a single diastereoisomer while 5 was a mixture of diastereoisomers. The irradiation of 4 in the presence of benzaldehyde behaved differently: in this case we obtained 55% of 7 as a mixture of diastereoisomers, derived from the attack of benzaldehyde on the side of furan bearing the methyl group (Scheme 4). We have to notice that chemical shift of the proton at C-6 in the 1 H NMR spectrum points to formation of the exo isomer.
The irradiation of 4 in the presence of 4,4'-dichlorobenzophenone gave a mixture of two products (Scheme 5): compound 8 was obtained in 30% yield as a single diastereoisomer, derived from the attack on the side of furan bearing the alcohol and 9 in 12% yield derived from the attack on the side of furan bearing the methyl group. The latter product was separated as a 1:1 mixture of diastereoisomers.
Scheme 5
When the reaction was carried out in the presence of 4,4'-dimethoxybenzophenone, we obtained only 10 in 58% yield as a 1:1 mixture of diastereoisomers (Scheme 6). A similar result (11 in 60% yield) was obtained using 4-methoxybenzaldehyde as a carbonyl reagent (Scheme 7): 4-methoxybenzaldehyde attacks 4 on the side of furan bearing the methyl group. Furthermore, 1 H NMR data agree with the formation of an endo isomer as a 1:1 mixture of diastereoisomers. 
Scheme 7
In conclusion, we observed that the presence of a methyl group in C-5 on the furan ring induces a modification in the regioselectivity and dramatic loss in stereoselectivity of the reaction.
For 2-furylmethanol derivatives we observed a good regioselectivity towards the side of the furan bearing the alcohol.
14 In this work we found that this regioselectivity is maintained when 4,4'-dichlorobenzophenone is used as a carbonyl reagent. When the reaction was carried out in the presence of benzophenone, we obtained a 1:1 mixture of regioisomers and, when 4-methoxybenzaldehyde or 4,4'-dimethoxybenzophenone were used, we again observed a good regioselectivity again although on the other side of the furan ring. Furthermore, for 2-furylmethanol derivatives the reaction showed a high stereoselectivity: in most of the reactions one diastereoisomer was formed. In this work, a similar result was obtained only using 4,4'-dichlorobenzophenone: in all the other cases mixtures of diastereoisomers were obtained. Furthermore, among the products obtained using benzophenone, one (6) is a single diastereoisomer, while the other (5) consists of a mixture of diastereoisomers. Thus, a clear change in the regioselectivity going from 4,4'-dichlorobenzophenone (attack on positions 2,3) to 4,4'-dimethoxybenzophenone (attack on positions 4,5) can be seen, benzophenone showing an intermediate behavior. In our previous work 14 we formulated the hypothesis that the photochemical reaction of 2-furylmethanols with aromatic ketones involves a single electron transfer from the furan derivatives to the ketone followed by radical coupling with the formation of zwitterionic species. In contrast with current opinions in this field, 1 we thought that the most probable structures for these zwitteronic species would be those represented in the Figure. Our point of view can be supported by results of theoretical calculations showing that stability of intermediates explains the regiochemical behavior of the reaction. 14 We tested this hypothesis trying to explain the observed regiochemical behavior on 4 by respective calculatons. The results are collected in the Table. Total electronic energies for selected intermediates calculated using PM3 semiempirical method (HyperChem) correlate with the experimental results. The stereochemical behavior of the reaction has to be discussed too. While 6 and 8 are produced as single diastereosomers, 5, 7, 9, 10, and 11 are diastereoisomeric mixtures. In our previous work compounds 2 were obtained as single diastereoisomers.
14 In order to explain this stereochemical behavior we considered the possibility that the hydroxy group favors an approach of the carbonyl group towards a prochiral face of the furan. Our results confirm this assumption.
In fact, when the reaction occurs on the side of furan bearing the hydroxy group at the side chain and an interaction between the hydroxy group and the carbonyl reagent is possible, we obtain a high stereoselectivity. On the contrary, when the reaction occurs on the side of furan bearing the methyl group so the interaction between the hydroxy group and the carbonyl reagent can not be important, the reaction shows no stereoselectivity.
In conclusion, we have shown that the photochemical cycloaddition of 5-methyl-2-furylmethanol derivatives with aromatic carbonyl compounds leads to the formation of the corresponding Paterno-Büchi adducts. In most cases the reaction occurs with the preferential formation of regioisomers deriving from the attack on the side of furan bearing the methyl group. The regio-and stereoselectivity can be explained on the basis of the mechanistic hypotheses formulated in our previous work in this field. 
